Guillain-Barré syndrome (GBS) came to the forefront during the 1976 swine influenza vaccination program when an increased risk was found following vaccination [1] . Thirty-five years later we are still grappling with this increased risk; concerns continue that the risk observed in 1976 might surface again following administration of influenza vaccines, which have a change in the strain nearly every year [2] . These concerns have led to many studies assessing this risk, especially, because in the United States, annual influenza vaccine is now recommended for everyone aged ≥6 months [2] . In this review, we purport that there may be enough evidence in 2013 to be somewhat reassured to move past the fear that influenza vaccines can cause GBS of the same magnitude that was described in The Swine Flu Affair [3] .
GUILLAIN-BARRÉ SYNDROME
GBS is the most common cause of acute flaccid paralysis worldwide now that poliomyelitis is nearly eradicated. It results from damage to the peripheral nerves and nerve roots, presenting with progressive bilateral symmetric weakness of the lower limbs over a period of 12 hours and reaching a plateau at approximately 28 days. The onset of symptoms in about two-thirds of the cases is preceded by an upper respiratory or gastrointestinal infection. Most patients completely recover, although there is about a 5% case-mortality rate [4, 5] .
The annual incidence of GBS is 0.4-4.0 cases per 100 000 population among all ages. In children and adolescents, the range is 0.4-1.5 cases per 100 000 and then the incidence increases throughout adulthood to about 4.0 cases per 100 000 after age 75 years [6] [7] [8] . GBS is thought to be immune-mediated, in which antibodies in response to an antigenic stimulus, such as a bacterial or viral infection, cross-react with nerve ending antigens; this is often referred to as molecular mimicry. Infection preceding GBS is quite common, but the specific infectious agent is unknown in 60% of the cases. Several infectious agents have been shown to be associated with GBS, most notably Campylobacter jejuni [9] [10] [11] [12] [13] .
GBS AND INFLUENZA VACCINES
GBS became a major vaccine safety concern in 1976 when there was a threat of a swine-origin influenza pandemic and the United States government initiated a national vaccination program. After approximately 45 million people were vaccinated with influenza A/New Jersey/1976 vaccine, an increased number of postvaccination GBS cases were reported. Investigations revealed up to a 8-fold increased risk of GBS following receipt of the 1976 influenza vaccine; the risk was found to be highest 2-3 weeks after vaccination. The attributable risk was estimated at 1 additional case of GBS for every 100 000 doses administered [1, 14] . As a result of this adverse outcome following vaccination, as well as the fact that the pandemic never materialized, the 1976 influenza vaccination program was halted [3] . Nearly 30 years later, in 2004, the Institute of Medicine (IOM) reviewed the evidence regarding the association of GBS with the 1976 swine influenza vaccine and concluded that "the evidence favors acceptance of a causal relationship between 1976 swine influenza vaccines and GBS in adults" [15] .
Since 1976, several published studies have assessed risk of GBS following receipt of seasonal inactivated influenza vaccines.
Most studies did not demonstrate a significant association between seasonal influenza vaccine and GBS, and most point estimates were not significant ( Figure 1 ) [16] [17] [18] [19] [20] [21] [22] [23] . However, 2 studies reporting positive findings garnered much attention.
In 2006, Juurlink et al studied the association of GBS with influenza vaccines administered during 1992-2004 in Canada; using a self-controlled case series design, they found a small but significant increased risk of GBS in the 6 [20] . The other notable study used US data from the period 1992-1994 (2 influenza seasons) and demonstrated an overall increased RR of 1.7 (95% CI, 1.0-2.8; P = .04), although an increased risk was not demonstrated when using data from each influenza season separately [22] . The RR of 1.7 suggests slightly more than 1 additional case of GBS per million persons vaccinated against influenza. Based on evidence from these 2 studies, a risk estimate of 1 additional GBS case per 1 million persons vaccinated has been communicated to the public and found in the Advisory Committee on Immunization Practices recommendations and the Vaccine Information Statements for influenza vaccines [2, 24] . The IOM reviewed evidence accumulated after 1976 through 2008 and concluded that "the evidence is inadequate to accept or reject a causal relationship between influenza vaccine and GBS." The IOM further concluded that the evidence was not adequate because of potential confounding due to season and influenza infection and also because each year the influenza strains included in the vaccine typically differ [25] .
More recently, GBS risk assessment following influenza vaccination once again came to the forefront. During the 2009 H1N1 influenza pandemic, vaccine safety surveillance was heightened and critical to the unadjuvanted 2009 monovalent inactivated influenza A(H1N1) (2009 pH1N1 vaccine) vaccination program that began in October 2009. GBS was a particularly important component of the pandemic response, because the 1976 swine-origin influenza vaccine was associated with an increased risk of GBS and the 2009 H1N1 influenza virus was also of swine origin, and there was a high degree of public interest regarding the safety of pandemic H1N1 vaccines. In the United States, several federal agencies enhanced, adapted, or created surveillance systems to monitor 2009 pH1N1 vaccine safety including assessing the risk of GBS following vaccination [26] . The results of surveillance from most of these systems are captured in Table 1 . At the Centers for Disease Control and Prevention (CDC), active GBS case-finding surveillance using a population catchment of nearly 45 million people was implemented as part of the Emerging Infections Program (EIP), a long-standing collaboration with the CDC, local health departments, academic institutions, healthcare providers, specialist networks, and clinical laboratories [27] . In November 2009, prospective cohort analyses showed a small increased risk of GBS within the 6 weeks following vaccination and an attributable risk of approximately 1 additional case of GBS per million persons vaccinated [28] . Final analyses confirmed this small increased risk within 6 weeks of vaccination [29, 30] . The CDC's [18] , Burwen et al [17] , Baxter R et al [16] , Juurlink et al [20] , Hughes et al [19] , Lasky et al [22] , Stowe et al [23] , and Kaplan et al [21] .
Vaccine Safety Datalink, a population-based database linking vaccine data with health outcome data, also found a significant increased risk of GBS [31] in the primary self-controlled analysis, and, although the surveillance from the Food and Drug Administration did not demonstrate a statistically significant finding, the RR point estimate was elevated [32] . To increase the power to assess an increased risk of this rare disease, a meta-analysis combined data on 23 million persons vaccinated from all the federal systems that participated in 2009 pH1N1 vaccine safety monitoring. Consistent with previous studies assessing the seasonal influenza vaccine data from earlier years [20, 22] , this pooled analysis found an attributable risk of 1-3 additional GBS cases per million persons vaccinated with pH1N1 [33] (Table 1) . Findings from European studies assessing the risk of GBS following the 2009 pH1N1 vaccines somewhat differed from what was observed in the United States. A multicountry case-control study using data from several European countries, where predominately adjuvanted pH1N1 vaccines were used, found no increased risk for GBS within 6 weeks of vaccination after adjusting for influenza-like illness (ILI)/upper respiratory tract infection (URTI) and seasonal influenza vaccination [34] . The United Kingdom also primarily used adjuvanted vaccines and found no increased risk using a self-controlled case series design (RR = 1.05; 95% CI, .37-2.24) [35] . In addition, a large international study found a significant increased risk of GBS following the 2009 pH1N1 vaccines (relative incidence [RI] = 2.33; 95% CI, 1.5-3.6); however, when stratifying by vaccine type (adjuvanted or unadjuvanted), the RI for the unadjuvanted group was significantly increased (RI = 3.1; 95% CI, 1.7-5.7) and higher than that for the adjuvanted group (RI = 1.7; 95% CI, .9-3.3) [36] . Finally, a study from Quebec, Canada, found an attributable risk of 2 additional cases of GBS per million doses administered, similar to the US surveillance findings; however, Quebec primarily used adjuvanted H1N1 vaccines. The authors noted that the excess risk was only found in persons aged >50 years [37] . Results of these studies from the United States, Europe, Canada, and internationally gave mixed results but in general suggest an increased risk of GBS after either adjuvanted or unadjuvanted vaccine.
Although [38] . Because an increasing number of individuals received influenza vaccines that included the same 2009 pH1N1 strain, it is reasonable to ask why we did not see an increase risk of GBS following vaccination in the subsequent years. What had changed? Among other things, there were 2 major differences: the lack of nationally representative, large population-based and comprehensive surveillance activities for GBS case finding [27] and very low influenza illness during subsequent seasons compared with that of 2009-2010 [39] .
GBS AND INFLUENZA
Even before the term "Guillain-Barré syndrome" was in use in clinical medicine, postinfectious polyneuritis cases had been reported since the 1918-1920 Spanish influenza pandemic [9] . Although URTI has been known to precede GBS, specific association between influenza infection and GBS has only started to be reported more recently. lier studies found that the risk for GBS was greatest 2-3 weeks following an exposure but that increased risk continued through 6-8 weeks [1] . Another study used time-series analyses demonstrating a positive association between GBS hospital admissions and laboratory-confirmed influenza cases [12] . Studies during the 2009 H1N1 pandemic also support an increased risk of GBS following 2009 pH1N1 infection. A brief report by Verity et al described the GBS cases reported by pediatricians during an active surveillance program implemented specifically during the 2009 H1N1 pandemic [41] . From September 2009 through August 2010, 57 children were reported with a diagnosis of GBS, and 49 of the 57 children had clinical or laboratory evidence of infection within the 3 months prior to GBS onset; 9 of these were laboratory-confirmed influenza. Only 1 child had received the pH1N1 vaccine within 6 weeks of GBS, which, based on GBS background incidence for children, was expected by chance alone. Furthermore, the peak of the second wave of the H1N1 pandemic occurred just prior to a notable increase in reported GBS cases among children [41] . Other studies assessing the risk of GBS following the 2009 pH1N1 vaccines, such as the Greene et al study in the United States and in the European pooled analysis [31, 34] , both described above, suggested that the findings may have been confounded by influenza illness that peaked just as the vaccines became available and widely distributed (Figure 2) . In a secondary analysis (case-centered), Greene et al, controlling for seasonality, which indirectly controls for influenza illness, found that the increased risk for GBS observed in the primary analysis decreased and was no longer significant (OR = 2.0; 95% CI, .5-8.1) ( Table 1 ) [31] . The results from the European pooled data, before adjustment for ILI and URTI, demonstrated a significant OR of 2.8 (95% CI, 1.3-6.0), but after adjustment, the increased risk estimate disappeared (OR = 1.0; 95% CI, .3-2.7) [42] . In an attempt to determine any confounding due to the simultaneous circulation of wild-type 2009 pH1N1 influenza and administration of 2009 pH1N1 vaccines, data from the CDC EIP active GBS case-finding surveillance collected from October 2009 through May 2010 was reanalyzed using a different approach. Rather than assessing the increased risk of GBS during the 6 weeks following the 2009 pH1N1 vaccination [30] , the cumulative risk of GBS among the vaccinated and unvaccinated population at the end of the surveillance period (which correlated with the end of the pandemic and the end of administration of 2009 pH1N1 vaccines) was assessed using a survival analysis. The cumulative risk of GBS was significantly higher among the unvaccinated population than the vaccinated population (9.2 per million vs 6.6 per million persons; P = .012; Figure 3 ). There may indeed be an increased risk of GBS during the 6 weeks following vaccination, and evidence supports this assertion, but at the population level the survival analysis shows that the overall risk of GBS among those vaccinated was lower during the 2009 H1N1 pandemic [43] . Previously, Tam et al and Stowe et al suggested similar protective effect of influenza vaccinations, by way of preventing influenza infection itself, on GBS risk [23, 40] . Finally, 2 recent robust analyses, from Greene et al and Kwong et al [44, 45] , assessed the association of GBS following influenza vaccines as well as following medically attended infections (specifically influenza in the Kwong et al study). In the Greene et al analysis, data on >9 million individuals from 10 US healthcare organizations was used to determine the observed vs expected odds of vaccination (with 2009 pH1N1 or 2010-2011 seasonal influenza vaccine) or infection occurring during the 6 weeks prior to GBS onset. This was a case-centered study design, which controls for time-varying confounders. The odds of vaccination prior to GBS onset adjusted for GBS onset date, age, sex, site, and infection status in the 6 weeks before GBS was 1.5 (95% CI, .6-4.0), whereas the odds of having a medically attended infection also adjusted for the same covariates and vaccination in the 6 weeks before GBS onset was 7.8 (95% CI, 3.6-16.6) [44] . The Kwong et al analysis used a self-controlled risk interval design and included vaccination from 1993 to 2011, from a population size of approximately 13 million. In this design, each individual serves as his or her own control, thus minimizing biases between vaccinated and unvaccinated comparisons. The risk of GBS was higher in the risk interval following vaccination exposure, with an attributable risk of 1.03 GBS cases per 1 million vaccinations. However, a much greater risk for GBS was found in the risk interval following medically attended influenza with an attributable risk of 17.2 cases per million influenza healthcare visits [45] . Both of these studies used individual-level information, looking at vaccination or medically attended infections during the same influenza seasons, and both provide compelling evidence that the risk of GBS following infections, including influenza, is far greater than the risk following influenza vaccination.
What have we learned over the last 35 years? First, increased risk of GBS has been found to be associated with both influenza infections and influenza vaccines. Second, many of the studies assessing the risk of GBS following influenza vaccines have not resulted in significant findings; however, most were not powered to do so; it is important to note that whenever a significant positive association has been reported, the increased risks of GBS following vaccination were well below the observed 8-fold risk following the 1976 swine-origin influenza vaccine and on average demonstrated an attributable risk about one-tenth of that for the 1976 swine-origin influenza vaccine. Third, the increased risk of GBS found following the 2009 pH1N1 vaccines, across several different studies, including a large international study, using different populations and study designs provides evidence in support of a causal association of GBS with influenza vaccination, although potential confounding due to influenza weakens the evidence somewhat. Perhaps during the 2009 H1N1 pandemic, the large population sizes under observation (EIP case finding) [29, 30] or the meta-analyses combining data from several sources (28 million people vaccinated contributed to the US meta-analysis) [33] provided sufficient power to detect a small increased risk for a very rare event.
Although monitoring for GBS following influenza vaccination remains important, we may have enough evidence to better understand the complex relationships between influenza, influenza vaccines, and the risk of GBS. Evidence supporting an [43] .
increased risk of GBS during the 6 weeks following receipt of seasonal influenza vaccination is important for individual clinical decisions regarding vaccination and may be important for vaccine injury compensation program determinations. However, risk of GBS following vaccination should be weighed against the potential benefits of vaccination against influenza and reduction in influenza-related complications such as pneumonia, hospitalizations, or death. In summary, despite the small observed increased risk of GBS after influenza vaccination, evidence is growing in support of an apparent larger benefit of vaccination in regard to the overall risk of GBS in the context of population health [23, 40, 43] .
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